1.Introduction
Advances in technology have made cars an indispensable factor in our lives. Wireless payment systems are already in use, providing convenient facilities for vehicles, various media services available in vehicles and wireless toll payment systems. As demands for multimedia services and vehicle safety have increased in recent years, more and more attempts have been made to use the services while moving. Research continues on intelligent transportation system (ITS) for smart vehicles with access to safety and entertainment services in the United States, Europe and Japan leading the way [1] . The field of vehicle communication in ITS technology is recognized as an important part of providing a variety of services to ensure the reliability and safety of the vehicle and the road environment. IEEE 802.11p and 1609, the nextgeneration vehicle protocols, are the wireless access in vehicular environments (WAVE) communication.
*Author for correspondence WAVE consists of physical (PHY) layer and Media Access Control (MAC) layer of IEEE 802.11a and is composed of additional functions such as resource allocation, security and multi-channel service supported in 1609. Supports quality of service (QoS) of each data stream using multiple channels of IEEE 1609. 4 and enhanced distributed coordination function channel access (EDCA) of IEEE 802.11e [2] . IEEE 802.11p uses the distributed coordination function (DCF) method used in the MAC by IEEE 802.11 and is based on carrier-sense multiple access with collision avoidance (CSMA / CA). CSMA / CA is a method of avoiding a collision in wireless communication. Also, QoS is supported by assigning different priorities to packets generated according to an application by using EDCA extended from DCF of IEEE 802.11. IEEE 802.11p / WAVE used consists of a vehicle and a road side unit (RSU) installed on the road [3] . By vehicle, we mean one that is equipped with an on-board-unit (OBU) supporting wireless communication in the vehicle and participating in the vehicular ad-hoc network (VANET). An RSU is a device that supports communication around the road and is also referred to as an infrastructure. VANET communication can be roughly classified into a vehicle to infrastructure (V2I), which is a communication between a vehicle and an infrastructure, and vehicle to vehicle (V2V), which is a communication between a vehicle and a vehicle.
As the number of vehicles increases when a vehicle communicates with one RSU, there is a problem of intensifying competition and collision. In order to avoid competition and collision, existing researches have added data to transmit in order to stabilize communication, but data transmission is difficult for vehicles with high mobility due to large communication overhead. In this paper, we use the hidden-node-aware grouping (HAG) algorithm, which is a grouping algorithm in existing mobile wireless network environment, to the vehicle environment.
In the conventional vehicle communication, the distance between the vehicles is obtained by using the position information of each vehicle, the vehicles having a short distance between the vehicles are preferentially grouped, and the time is allocated to each group to reduce the collision rate.
Vehicle grouping elects a group leader and one or more group members are present in the group to allow intragroup communication and inter-group communication.
This paper is composed as follows. Section 2 describes the WAVE communication, IEEE 802.11p and IEEE 1609.4. Section 3 describes the HAG algorithm and Section 4 explains the distance-based grouping algorithm that is modified by the HAG algorithm. Section 5 presents the performance evaluation of the proposed algorithm and conclusion. Figure 1 Figure 2 shows the BSS formation process of IEEE 802.11a and the WBSS formation process of IEEE 802.11p [7] . 2.2IEEE 1609.4 IEEE 1609.4 supports multi-channel operations. The multi-channel architecture of WAVE MAC basically guarantees Quality of Service (QoS) for each AC (Access Category) by using EDCA (Enhanced Distributed Channel Access) mechanism of IEEE 802.11e [8] .
2.WAVE communication
The CCH channel is a channel for transmitting safety messages, and there are periodic sending status messages and event-based emergency messages that occur in an emergency situation [9] . The SCH channel is a channel for exchanging safety messages and general data. Figure 3 shows the multi-channel architecture of WAVE MAC [4] .
3.HAG algorithm
HAG algorithm is an algorithm for eliminating interference collision in mobile wireless network environments [10] . This section introduces the HAG algorithm to be used in the proposed algorithm. The HAG algorithm is divided into five steps. The step of recognizing the hidden node state at the first step, the step of grasping the hidden node at step 2, the step of generating the signal strength table at step 3, the step of applying the grouping algorithm at step 4 and the step of allocating the channel at each step shown in Figure 4 . In the first step of the HAG algorithm, a case where the coordinator detects a collision while receiving a signal from one node is defined as a collision due to the hidden node. The coordinator that detects the collision due to the hidden node becomes aware of the existence of the hidden node. The coordinator recognizing the hidden node enters the second-step hidden node relation grasp step. Assume that there are coordinator C and nodes NA, NB, and NC, NA and NB are in the same transmission range, and NC is in a position outside the transmission range of NA and NB. When C sends a message to NA, NA and NB can both hear the message. In this case, if the NA transmits an ACK to C in response to the message, NB records the ACK and records the signal. Since NC cannot hear, the signal strength is recorded as -1.
In the third step, the signal strength table generation step, the coordinator transmits a frame requesting to report the signal strength recorded by each node, receives a response, and generates a signal strength table. Apply the four-step grouping algorithm using the prepared signal intensity table. Start with the two nodes with the strongest signal in the signal table and make the node and group with the highest signal strength. After the group is created, the process goes to step 5, which is a group-by-group channel allocation step. As the size of each group increases, the allocated transmission time increases.
4.Distance-based grouping algorithm
The WAVE communication used in the VANET increases the data collision rate when a large number of vehicles are concentrated in one RSU. We propose a distance-based grouping algorithm [11] to reduce the collision rate even in the presence of multiple vehicles. In the distance-based grouping algorithm proposed in the background of the HAG algorithm described above, a table is created by replacing the signal strength parameter value used by the HAG algorithm with the inter-vehicle distance value. If the criterion for applying the HAG algorithm to the VANET is the signal strength of the node, it is not suitable for vehicle communication requiring fast communication because each vehicle needs a procedure for receiving and confirming the signal. Therefore, this paper proposes a grouping algorithm based on the distance between vehicles.
The proposed algorithm can be divided into three stages. In the first step, the distance information between the vehicles is stored in the RSU that knows all the vehicle nodes. In the second step, the group is created based on the distance using the created table and the group leader is selected. The last three steps consist of transferring data from a given group. This chapter consists of four sections. Section 1 describes the overall algorithm. Section 2 describes the RSU table creation process, and Section 3 describes the grouping process using tables. In the last section, we describe the communication process of the grouped nodes.
4.1Grouping algorithm
The algorithm can be divided into three stages. The overall grouping and group communication process is shown in Figure 6 .
In step 1, the RSU updates the information on all the vehicles in the transmission range to the RSU 
4.2Create the table for grouping
The RSU and the vehicle exchange information through a beacon message. The RSU stores the information contained in the received vehicle beacon message for later grouping steps. The RSU has two tables, the first is a table (RSU_pos_table) with vehicle location information, and the second is a table (RSU_dist_table) that calculates and stores the distance between vehicles. Figure 7 shows the process of creating RSU_pos_table. Each time the RSU receives a beacon message from the vehicle, it stores the location information of the vehicle in the RSU_pos_table. If the vehicle ID contained in the Beacon message is an already created ID, the location is updated.
After creating the RSU_pos_table, create an RSU_dist_table that represents the distance using the location information in the RSU_pos_table. A twodimensional array type RSU_dist_table having a size equal to the number of IDs in the RSU_pos_table is created, and the distance between the vehicles is obtained and stored in the RSU_dist_table. For example, when vehicles of the V0 and V1 are present, the IDs and positions of the V0 and V1 are stored in the RSU_pos_table. The distance dist (V0, V1) between V0 and V1 is obtained using the location information stored in the RSU_pos_table and stored in the RSU_dist_table. 
4.3Group and group leader selection
Before dividing the group based on the RSU_dist_table, it is necessary to confirm whether grouping is necessary. The RSU calculates the collision rate after creating the table. If the collision rate does not exceed the threshold value, it is determined that grouping is not necessary, and then the RSU table is updated again after the data transmission.
If the collision rate exceeds the threshold value, the RSU determines that grouping is necessary and carries out distance-based grouping between the vehicles. The composition of a group is divided into a group leader and a group member. As the leader of the group moves slower, the leader of the group stays within the range of the RSU longer. Therefore, the group leader is selected as the slower vehicle that can stay stable in the RSU for a long time.
Groups are created based on the RSU_dist_table created by the RSU, and the vehicles located close to each other are grouped first. Create a group by grouping the vehicles to the nearest two nodes and create the table again. At this time, among the two vehicles that are grouped, a relatively slow vehicle is selected as a group leader, and the vehicle is set as a standard for distance to other vehicles and groups.
Figure 9 Group decision process using RSU_dist_table
For example, Figure 9 shows the RSU_dist_table created by the RSU. There is a total of six vehicles on the road, and each vehicle is at a distance as shown in Figure 9 (a). (1, 2) and (3, 5) are grouped as the group with the closest distance between vehicles (0, 4), and the table is updated as shown in Figure 9 (b). Assuming that 1, 4, and 5 in each group are the vehicles with the lowest speed in the group, 1, 4, and 5 become the group leader and serve as a basis for comparing distances from other groups.
We examine the distance between leader and the leader of each group and perform the merging between groups as shown in Figure 9 (c). A group was simulated by increasing the number of nodes in the IEEE 802.11p standard to have the maximum throughput. As shown in Figure 10 , when the number of vehicles was increased and simulated, the number of vehicles showed the highest throughput at 20 vehicles. Therefore, the maximum allowable number of nodes per group is 20. 
5.Performance evaluation
We used OMNET ++ to evaluate the performance of IEEE 802.11p. We modified the communication procedure using vehicular network open simulator (VENTOS) to create the scenario of the vehicle environment. We have connected the simulation of urban mobility (SUMO). Through sumo simulation, the vehicle is given mobility and the vehicle is recognized to OMNET++ and bound to communicate. The simulation environment was Linux Ubuntu 16.04 LTS, OMNET ++ 5.1, and SUMO 2.90. The network simulation parameters are shown in Table 1 . 
6.Conclusion
IEEE 802.11p standard communications show that as the number of vehicles increases, the collision rate increases, so the throughput decreases significantly after the number of vehicles exceeds 20 vehicles. Using the proposed algorithm, vehicle performance is improved by a maximum of 5.9%, a minimum of 1.47%, and an average of 3%.
In this paper, thresholds were limited to 20 per group as an experimental result. In the future, the RSU will attempt to create an algorithm that will determine the group resources according to the number of vehicles on the road and optimize the collision rate and the transmission rate.
